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ABSTRACT 



This invention provides an isolated nucleic acid molecule 
encoding a protein from the surface of activated T cells, 
wherein the protein is necessary for T cell activation of B 
cells. The nucleic acid molecule may include a DNA mol- 
ecule or a cDNA molecule. This invention further provides 
a gene transfer vector including the nucleic acid molecule 
operably linked to a promoter of RNA transcription. The 
vector may be a plasmid or a viral vector. This invention 
further provides a host vector system including the gene 
transfer vector in a suitable host cell. The transformed yeast 
or a stably transformed mammalian cell. This invention 
further provides a method of producing a T cell surface 
protein necessary for T cell activation of B cells which 
includes growing the host vector system under conditions 
permitting production of the protein, followed by recovering 
the protein so produced. This invention further provides for 
methods to inhibit humoral immune responses, immunoglo- 
bulin production and B cell activation with 5C8-specific 
antibodies. 

14 Claims, 20 Drawing Sheets 
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FIGURE 6A 
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FIGURE 6D 
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FIGURE 7A 
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FIGURE 9A FIGURE 9B 
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METHODS TO INHIBIT HUMORAL 
IMMUNE RESPONSES, IMMUNOGLOBULIN 
PRODUCTION AND B CELL ACTIVATION 
WITH 5C8-SPECIFIC ANTIBODIES 

This is a divisional of U.S. Ser. No. 07/792,728, filed 
Nov. 15, 1991, now U.S. Pat. No. 5,474,771, issued Dec. 12, 
1995, the coo tents of which are hereby incorpo rated by 
reference. 

BACKGROUND OF THE INVENTION 

Throughout this application, various publications are ref- 
erenced by Arabic numerals within parenthesis. Full cita- 
tions for these publications may be found at the end of the 
specification, immediately preceding the claims. The disclo- 15 
sures of these publications are hereby incorporated by 
reference into this application in order to more full describe 
the state of the art as known to one skilled therein as of the 
dale of the invention described and claimed herein. ^ 

In a contact-dependent process termed "T cell helper 
function," CD4 + T lymphocytes direct the activation and 
differentiation of B lymphocytes and thereby regulate the 
humoral immune response by modulating the specificity, 
secretion and isolype-encoded functions of antibody mol- 2J 
ecules (1-8). The T cell surface molecules that mediate the 
contact-dependent elements of T cell helper function are not 
yet fully known (9). 

The process by which T cells help B cells to differentiate 
has been divided into two distinct phases: the inductive and 30 
effector phases (10,11). In the inductive phase, resting T 
cells contact antigen-primed B cells and this association 
allows clonotypic T cell receptor (TCR)-CD4 complexes to 
interact with la/Ag complexes on B cells (5, 12-19). TCR/ 
CD4 recognition of Ia/Ag results in the formation of stable 35 
T-B cognate pairs and bidirectional T and B cell activation 
(20-26). In the effector phase, activated T cells drive B cell 
differentiation by secreting lymphokines (27-30) and by 
contact-dependent stimuli (24,31-38), both of which are 
required for T cells to drive small, resting B cells to 40 
terminally differentiate into Ig secreting cells (31, 39—42). 

Although the inductive phase of T cell help is 
Agnlependent and MHC-reslrieled (5, 12-18, 40), the effec- 
tor phase of T cell helper function can be Ag-independent 
and MHC-nonrestricted (31, 34, 36, 40, 43-50). An addi- 45 
tional contrasting feature is that the inductive phase of T cell 
help often requires CD4 molecules and is inhibited by 
anti-CD4 mAb (19), whereas helper effector function does 
not require CD4 molecules (51) and is not inhibited by 
anti-CD4 mAbs (33, 34, 36, 49). The nonspecific helper 50 
effector function is believed to be focused on specific B cell 
targets by the localized nature of the T-B cell interactions 
with antigen specific, cognate pairs (25, 26, 52). 

Although terminal B cell differentiation requires both 
contact- and lymphokine-mediated stimuli from T cells, 55 
intermediate stages of B cell differentiation can be induced 
by activated Tcell surfaces in the absence of secreted factors 
(32, 33, 53-56). These intermediate effects on B cells 
ioclude induction of surface CD23 expression (32, 35, 57), 
enzymes associated with cell cycle progression (37) and 60 
responsiveness to lymphokines (24, 37, 49, 54-56). 
Although the activation-induced T cell surface molecules 
that direct B cell activation have not been previously 
identified, functional studies have characterized some fea- 
tures of their induction and biochemistry. First, T cells 65 
acquire the ability to stimulate B cells 4-8 h following 
activation (38, 49). Second, the B cell stimulatory activity 



associated with the surfaces of activated T cells is preserved 
on paraformaldehyde fixed cells (24, 32, 37, 49, 56) and on 
purified membrane fragments (33, 53-55). Third, the B cell 
stimulatory activity is sensitive to protease treatment (24, 
5 53, 54). Fourth, the process of acquiring these surface active 
structures following T cell activation is inhibited by cyclo- 
heximide (49, 54). Although these studies strongly suggest 
the existence of activation-induced T cell surface proteins 
that deliver contact dependent stimuli to B cells, the molecu- 
10 lar identities of such structures have not previously been 
described. 



SUMMARY OF THE INVENTION 

This invention provides a monoclonal antibody which 
specifically recognizes and forms a complex with T-B cell 
activating molecule (T-B AM) (now also known as CD40 
ligand) a protein located on the surface of activated T cells 
and thereby inhibits T cell activation of B cells. This 
invention also provides the monoclonal antibody 5c8 
(ATCC Accession No. HB 10916). 

This invention provides a human CD4~ T cell leukemia 
cell line designated Dl.l (ATCC Accession No. CRL 10915) 
capable of constitutively providing contact-dependent 
helper function to B cells. This invention also provides an 
isolated protein from the surface of activated T cells, 
wherein the protein is necessary for T cell activation of B 
cells. This invention further provides an isolated, soluble 
protein from the surface of activated T cells, wherein the 
protein is necessary for T cell activation of B cells. 

Monoclonal antibody 5c8 and a human CD4- T-Cell line, 
designated, Dl.l have been deposited on Nov. 14, 1991 with 
the American Type Culture Collection, 10801 University 
Blvd., Manassas, Va., 20110-2209, U.S.A., pursuant to the 
provisions of the Budapest Treaty on the International 
Recognition of the Microorganism Deposit for the Purposes 
of Patent Procedure and have been accorded ATCC Nos. HB 
10916 and CRL 10915, respectively. 

BRIEF DESCRIPTION OF THE FIGURES 

FIGS. 1A-H. Cell surface phenotype of CD4- Jurkat 
Dl.l . Shown are fluorescence histogram (FACS) analyses of 
CD4- Jurkat Dl.l and CD4+ Jurkat B2.7. The Y axis 
represents number of cells and the X axis represents relative 
fluorescence intensity. 

FIG. 1A. A fluorescence histogram (FACS) analysis of 
CD4+ Jurkat B2.7 is shown. This figure is a "control" which 
represents the background staining in the absence of added 
primary mAb. 

FIG. IB. A fluorescence histogram (FACS) analysis of 
CD4- Jurkat Dl.l is shown. This figure is a "control" which 
represents the background staining in the absence of added 
primary mAb. 

FIG. 1C. Fluorescence histogram (FACS) analysis of 
CD4+ Jurkat B2.7 stained with mAb OKT3 (anti-CD3). 

FIG. ID. Fluorescence histogram (FACS) analysis of 
CD4- Jurkat Dl.l stained with mAb OKT3 (anli CD4). 

FIG. IE. Fluorescence histogram (FACS) analysis of 
CD4+ Jurkat B2.7 stained with mAb OKT4 (anti-CD4). 

FIG. IF. Fluorescence histogram (FACS) analysis of 
CD4- Jurkat D2.2 stained with mAb OKT4 (anti-CD4). 

FIG. 1G. Fluorescence histogram (FACS) analysis of 
CD4+ Jurkat B2.7 stained with mAb W6/32 (ami MHC I) 

FIG. 1H. Fluorescence histogram (FACS) analysis of 
CD4- Jurkat Dl.l stained with mAb W6/32 (anti MHC I)- 
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FIGS. 2A-F. Jurkal Dl.l induces CD23 expression on 
resting B lymphocytes. Shown are two-color FACS analyses 
of adherence depleted, high density B cells after 24 h of 
culture alone (media) or with CD4- Jurkat (Dl.l) or CD4+ 
Jurkal (B2.7) by using anti-IgM-FITC or anli-CD20 (Leu- 
16)- FITC on the x axis and anti-CD23-PE on the y axis 
(Becton-Dickenson). The numbers shown in the upper right 
hand corner of each of the histograms in FIGS. 2A-F 
represents the percentage of all gated cells that express both 
molecules. In the experiment shown, single color FACS 
showed the population of small, high density B cells to be 
2% C3(OKT3)+, 84% IgM+, 84% CR2(HB-5)+, and 87% 
CD20(Leu-16)+. 

FIG. 2A. Two-color FACS analysis of adherence 
depleted, high density B cells after 24 h of culture alone 
(media) by using anti-IgM-FITC on the x axis and anti- 
CD23-PE on the y-axis. 

FIG. 2B. Two-color FACS analysis of adherence depleted, 
high density B cells after 24 h of culture alone (media) by 
using anti-CD20 (Leu-16)-F1TC on the x axis and anti- 
CD23-PE on the y-axis. 

FIG. 2C. Two-color FACS analysis of adherence depleted, 
high density B cells after 24 h of culture with CD4+ Jurkat 
(B2.7) by using anti-IgM-FITC on the x axis and anti-CD23- 
PE on the y-axis. The population of B cells cultured with 
Jurkat B2.7 expressed CD23 on 1 6% of IgM+ cells. 

FIG. 2D. Two-color FACS analysis of adherence 
depleted, high density B cells after 24 h of culture with 
CD4+ Jurkat (B2.7) by using anti-CD20 (Leu-16)-FITC on 
the x axis and anti-CD23-PE on the y-axis. The population 
of B cells cultured with Jurkat B2.7 expressed CD23 on 16% 
of CD20+ cells. 

FIG. 2E. Two-color FACS analysis of adherence depleted, 
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FIGS. 5A-C. Jurkat Dl.l induces B cell differentiation 
into Ig secreting cells. E- cells are E rosette-depleted, 
adherence -depleted, high density Percoll population that is 
predominantly B cells. E+ cells are E rosette-positive, 
resting T cells treated with mitomycin-C. Measurement of Ig 
was performed by quantitative sandwich EL1SA and error 
bars represent calculated standard deviation based on stan- 
dard curves. E rosettes were performed with neuraminidasc- 
treated sheep erythrocytes. 

FIG. 5A. IgM in supematants from the same experiments 
as in FIG. 5 B. FIG. 5A-2 shows controls for the experiment 
shown in FIG. 5A-1. 

FIG. 5B. Number of plaque-forming colonics per 10° B 
cells induced by indicated ratios of Jurkat Dl.l or B2. 7 to B 
cells in the presence of absence of PWM. FIG. 5B-2 shows 
controls for the experiment shown in FIG. 5B-1. 

FIG. 5C. IgG in supematants from the same experiments 
as in FIG. 5B. FIG. 5C-2 shows controls for the experiment 
shown in FIG. 5C-1. 

FIGS. 6A-E. rIL-4 but not Dl.l increased B cell slgM 
expression. Shown are fluorescence histogram (FACS) 
analyses resulting from experiments similar to those in 
FIGS. 3A-B. The median channel fluorescence of IgM is 
shown on the right column. 

FIG. 6 A. FACS analysis of B cells cultured with Jurkal 
B2.7. 

FIG. 6B. FACS analysis of B cells cultured with Jurkat 
Dl.l. 

FIG. 6C. FACS analysis of B cells cultured with Jurkat 
rIL2. The concentration of rIL-4 is 50 U/ml. 

FIG. 6D. FACS analysis of B cells cultured with rIL-4. 
The concentration of rIL-4 is 50 U/ml. 

FIG. 6E. FACS analysis of B cells cultured with rIL-4+ 



high density B cells after 24 h of culture with CD4- Jurkat 35 anti _iL4. The concentration of anti-IL-4 shown is 1.25 /*g/ml 
(Dl.l) by using anti-IgM-FITC on the x axis and anti-CD23- and me concentration of rIL-4 is 50 U/ml. 
Pli on the y-axis. The population of B cells cultured with nGS ?AL Binding of mAb 5c8 to Jurkal D11 cells . 

Jurkat Dl.l expressed CD23 on 66% of IgM+ cells. shown are fluorescence histogram (FACS) analyses of 

FIG. 2F. Two-color FACS analysis of adherence depleted, CD4- Jurkat Dl .1 and CD4+ Jurkat B2.7 cells. The Y axis 
high density B cells after 24 h of culture with CD4- Jurkat 40 reprcsems number of cells and the X axis represents relative 
" .■ ^ n /T ... i^rrTr...-,^ c fluorescence intensity. FITC represents the background 

staining of an isotype matched control mAb. 

FIG. 7 A. A fluorescence histogram (FACS) analysis of 
CD4- Jurkat Dl.l cells. 

FIG. 7B. A fluorescence histogram (FACS) analysis of 
CD4+ Jurkat B2.7 cells. FITC represents the background 



(Dl.l) by using anii-CD20 (Leu-16)-FITC on the x axis and 
anti-CD23-PE on the y-axis. The population of B cells 
cultured with Jurkat Dl.l expressed CD23 on 69% of 
CD20+ cells. 

FIGS. 3A-B. Dose response of Dl.l-induced CD23 
expression. 

FIG. 3 A. Shown are the percentage of IgM* cells that 
express CD23 after 24 h culture with varying ratios of Dl.l 
or B2.7 cells or cell supematants. Experimental conditions 
and two-color FACS analysis were as described for FIGS. 
2A-2F except that the ratio of Jurkats added to 2x10 s B cells 
was varied as shown. The background level (B cells alone) 
of CD23 expression of IgM + cells was 12%. The B cell 
population was 65% IgM + in this experiment: 

FIG. 3B. Supematants were obtained 48 h after lxlO 5 
Dl.l or B2,7 cells were cultured in 1 ml of Iscove's 
modified Dutbecco medium/10% FCS and were passed 
through 0.2-«m filters before addition to the B cells. 

FIGS. 4A-B. Jurkal Dl.l induces B cell proliferation in 
the presence of PHA. 

FIG. 4 A. Shown is [ 3 H] ihymidine uptake of B cells 
cultured with mitocycin-C- treated Jurkat cells in the pres- 
ence of the indicated combinations of rIL-2 (25 U/ml), 
rIL-4(25 U/ml), or PHA (5 jug/ml). Error bars represent 
standard deviation of the means of triplicate cultures. 

FIG. 4B. Controls for the experiment shown in FIG. 4A. 
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staining of an isotype matched control mAb. 

FIG. 7C. A fluorescence histogram (FACS) analysis of 
CD4- Jurkat Dl.l cells stained with mAb OKT3(anti-CD3). 

FIG. 7D. A fluorescence histogram (FACS) analysis of 
CD4+ Jurkat B2.7 cells stained with mAb OKT3(anli-CD3). 

FIG. 7E. A fluorescence histogram (FACS) analysis of 
CD4- Jurkat Dl.l cells stained with mAb OKT4(anli-CD4) 

FIG. 7F. A fluorescence histogram (FACS) analysis of 
CD4+ Jurkat B2.7 cells stained with mAb OKT4(anti-CD4). 

FIG. 7G. A fluorescence histogram (FACS) analysis of 
CD4- Jurkat Dl.l cells stained with mAb OKT8(anti-CD8). 

FIG. 7H. A fluorescence histogram (FACS) analysis of 
CD4+ Jurkat B2.7 cells stained with mAb OKT8(anti-CD8). 

FIG. 71. A fluorescence histogram (FACS) analysis of 
CD4- Jurkat Dl.l cells stained with mAb W6/32(anti-MHC 
0- 

FIG. 7J. A fluorescence histogram (FACS) analysis of 
CD4+ Jurkat B2.7 cells stained with mAb W6/32(anti-MHC 
0- 
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FIG. 7K. A fluorescence histogram (FACS) analysis of FIG. 10H. FACS histogram of activated T cells using 

CD4- Jurkat Dl.l cells stained with mAb 5c8. mAb 5c8. T cells were activated by PMA (10 ng/ml) and 

FIG. 7L. A fluorescence histogram (FACS) analysis of PHA (10 ^g/ml) for 5 h performed in the presence of 

CD4+ Jurkat B2.7 cells stained with mAb 5c8. actinomycin D (10 /iM). 

FIGS. 8A-E. Monoclonal antibody 5c8 inhibits Jurkat 5 FIG. 101. FACS histogram of activated T cells using 

Dl .1 induced CD23 expression by B Lymphocytes. Shown anti-CDG9. T cells were activated by PMA (10 ng/ml) and 

are two color FACS analyses of adherence depleted, high PHA / 10 Mg / m n for 5 h performed in the presence of 

density B cells after 24 h of culture using anti-IgM-FITC actinomvein D (10 uM) 

(the X axis) and anli-CD23-PE (on the Y axis). The number ' _ c .. , . ™ „ 

in the upper right hand comer of the FACS tracings repre- J0 V n h » to 8™» °^f^ d ? ' cUs ^ using 

sents the percentage of IgM + cells thai expressed CD23. Frrc - T «Ms wer L e activated by PMA (10 ng/ml) and PHA 

FIG. 8A. Two color FACS analyses of adherence ( 10 ^> fo / ,; S * P<^ ormcd m thc presence of cyclo hex- 
depleted, high density B cells after 24 h of culture alone. imidc ( 10 ° t**>- FITC «pre«n<s a control for background 

FIG. 8B. Two color FACS analyses of adherence staining, 

depleted, high density B cells after 24 h of culture with the 15 FIG. 10K. FACS histogram of activated T cells using 

B2.7 Jurkat clones. mAb 5c8. T cells were activated by PMA (10 ng/ml) and 

FIG. 8C. Two color FACS analyses of adherence PHA (10 #g/ml) for 5 h performed in the presence of or 

depleted, high density B cells after 24 h of culture with the cycloheximide (100 pM). 

Dl.l Jurkat clones. FIG. 10L. FACS histogram of activated T cells using 

FIG. 8D. Two color FACS analyses of adherence 2 o anti-CD69. T cells were activated by PMA (10 ng/ml) and 

depleted, high density B cells after 24 h of culture with the PHA (10 ^g/ml) for 5 h performed in the presence of 

Dl.l Jurkat clones in the presence of mAb 5c8. The mAb cycloheximide (100 /iM). 

5c8 was present at a 1:200 dilution of hybridoma supcrna- FIGS. 11A-F. Kinetics of expression of 5c8 on isolated 

tant. CD4* or CD8* T cell subsets. Shown is a fluorescence 

FIG. 8E. Two color FACS analyses of adherence depleted, 25 histogram of CD4* or CD8* cells at the indicated time points 

high density B cells after 24 h of culture with the Dl .1 Jurkat after freshly purified T cell subsets were activated with PHA 

clones in the presence of W6/32. The mAb W6/32 was (10 jig/ml) and PMA (10 ng/ml). Solid line: 5c8 binding; 

present at 1 ug/ml. The murine IgG2a mAb W6/32 recog- dashed line: IgG2a control; and dotted, line: anti-CD69. 

nizes a monomorphic determinant on Class I MHC mol- FIG. 11 A. Fluorescence histogram of CD4 + cells which 

ecules. 30 were not activated with PHA (10 jUg/ml) and PMA (10 

FIGS. 9A-B. SDS/PAGE analysis of surface proteins ng/ml). Solid line: 5c8 binding; dashed line: IgG2a control; 

immunoprecipitated by mAb 5c8 and control mAbs. and doited line: anli-CD69. 

FIG. 9 A. Shown are auloradiograms or immunoprecipi- FIG. UB. Fluorescence histogram of CD4* cells 6 hours 

tales with mAb 5c8 or control mAbs from cells lysates of after freshly purified T cell subsets were activated with PHA 

surface iodinated Jurkat Dl.l cells that were separated on 35 (io jug/ml) and PMA (10 ng/ml). 

12.5% polyacrylamide in thc presence (reduced, R) or FIG. 11C. Fluorescence histogram of CD4 + cells 24 hours 

absence (non-reduced, NR) of 2- ME (2-mercaptoethanol). after freshly purified T cell subsets were activated with PHA 

mAbs shown are anti-CD28 (KOLT-4) and anti-MHC Class (10/ig/ml) and PMA (10 ng/ml). 

I (W6/32). MW markers represent the migration of pre- FIG. 11D. Fluorescence histogram of CD8* cells which 

labelled standards. NMS: normal mouse serum. 40 were nQt activated with PHA ( 10 ^g/ml) and PMA (10 

FIG. 9B. Same as FIG. 9A except that Jurkat B2.7 cells ng/ml). 

were used in place of Jurkat Dl.l cells. FIG. HE. Fluorescence histogram of CD8 + cells 6 hours 

FIGS. 10A-L. Effects of T cell activation and metabolic after f resnly pur i nc d Tcell subsets were activated with PHA 

inhibitors on the expression of 5c8 antigen on activated T ( A0 pg} m \) an d PMA (10 ng/ml). 

eclk. FIG. 11F. Fluorescence histogram of CD8* cells 24 hours 

FIG . 10A. FACS histogram of resting T cells using FITC. after frcsh i y pur ifi e d T cell subsets were activated with PHA 

FITC represents a control for background staining. ( 10 ^g/ m i) arK i PMA (10 ng/ml). 
FIG. 10B. FACS histogram of resting T cells using mAb 

5c8 DETAILED DESCRIPTION OF THE 

FIG. IOC. FACS histogram of resting T cells using INVENTION 

anti-CD69. This invention provides a monoclonal antibody which 

FIG. 10D. FACS histogram of activated T cells using specifically recognizes and forms a complex with a protein 

FITC. T cells were activated by PMA (10 ng/ml) and PHA located on the surface of activated T cells, thereby inhibiting 

(10//g/ml) for 5 h. FITC represents a control for background 55 j ceil activation of B cells. Activated T cells arc found 

staining. normally only in the germinal centers of an animal's lymph 

FIG. 10E. FACS histogram of activated T cells using mAb nodes. However, activated T cells are found in the peripheral 

5c8. T cells were activated by PMA (10 ng/ml) and PHA(10 blood of animals suffering from T cell tumors, e.g., T cell 

jwg/ml) for 5 h. leukemias and lymphomas. 

FIG. 10F. FACS histogram of activated T cells using 60 The monoclonal antibody described and claimed herein 

anti-CD69. T cells were activated by PMA (10 ng/ml) and binds to T cells which are interacting with B cells in the 

PHA (10 .«g/ml) for 5 h. germinal centers of lymph nodes and not to other T cells. 

FIG. 10G. FACS histogram of activated T cells using Monoclonal antibodies known to those skilled in the art to 
FITC. T cells were activated by PMA (10 ng/ml) and PHA specifically recognize and bind to proteins on the surface of 
(1 0/<g/m I) for 5 h performed in thc presence of actinomycin 6S T cells and thereby inhibit the activation of B cells, e.g., 
D (10 j«M). FITC represents a control for background anti-CD28 monoclonal antibody and anti-LFA-1 mono- 
staining, clonal autibody, do not distinguish activated T cells. 
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For the purposes of this invention, "activated T cells" are 
T cells capable of providing T cell helper function to resting 
B cells. For the purposes of this invention, "germinal centers 
of lymph nodes" are the areas in lymph nodes where T cells 
provide T cell helper function to B cells. 

For the purposes of this invention a "monoclonal anti- 
body" is an antibody produced by a hybridoma cell. Meth- 
ods of making monoclonal antibody-synthesizing hybri- 
doma cells are well known to those skilled in the art, e.g, by 
the fusion of an antibody producing B lymphocyte with an 
immortalized B-lymphocyte cell line. 

In one embodiment of this invention, the B cells are 
resting B cells. In another embodiment of this invention, the 
B cells are primed B cells. For the purposes of this invention, 
"resting" B cells are unactivated B cells, i.e., undifferenti- 
ated B cells which do not synthesize antibody molecules. 
For the purposes of this invention, "primed" B cells are B 
cells which have been contacted with antigen and have 
thereby been partially activated, but which do not yet 
synthesize antibody molecules. 

In one embodiment of this invention, the monoclonal 
antibody is a murine monoclonal antibody. In another 
embodiment of this invention, the monoclonal antibody is a 
chimaeric monoclonal antibody. In still another embodiment 
of this invention, the monoclonal antibody is a humanized 
monoclonal antibody. However, in the preferred embodi- 
ment of this invention, the monoclonal antibody is a human 
monoclonal antibody. 

For the purposes of this invention, a "chimaeric" mono- 
clonal antibody is a murine monoclonal antibody compris- 
ing constant region fragments (F,.) from a different animal. 
In a preferred embodiment of this invention, the chimaeric 
monoclonal antibody comprises human F n and murine F ab . 
For the purposes of this invention, a "humanized" mono- 
clonal antibody is a murine monoclonal antibody in which 
human protein sequences have been substituted for all the 
murine protein sequences except for the murine comple- 
mentarity determining regions (CDR) of both the light and 
heavy chains. 

In one embodiment of this invention, the monoclonal 
antibody is directed to the protein to which the monoclonal 
antibody 5c8 (ATCC Accession No. HB 10916) is directed. 
In another embodiment of this invention, the monoclonal 
antibody is directed to the epitope to which the monoclonal 
antibody 5c8 (ATCC Accession No. HB 10916) is directed. 
In still another embodiment of this invention, the mono- 
clonal antibody is the monoclonal antibody 5c8. 

In one embodiment of this invention, the monoclonal 
antibody is labelled with a detectable marker, for example, 
a radioactive isotope, enzyme, dye or biotin. In another 
embodiment of this invention, the monoclonal antibody is 
conjugated to a therapeutic agent, for example, a 
radioisotope, toxin, toxoid or chemotherapeuiic agent. In 
still another embodiment of this invention, the monoclonal 
antibody is conjugated to an imaging agent for example, a 
radioisotope. 

This invention provides a pharmaceutical composition 
comprising the monoclonal antibody and a pharmaceutically 
acceptable carrier. For the purposes of this invention "phar- 
maceutically acceptable carriers" means any of the standard 
pharmaceutical carriers. Examples include, but are not lim- 
ited to, physiological saline, phosphate buffered saline con- 
taining POLYS ORB® 80 or water. 

The monoclonal antibodies described and claimed herein 
are useful for isolating the proteins to which the monoclonal 
antibodies bind. The monoclonal antibodies are also valu- 



816 

8 

able in new and useful methods for: inhibiting the immune 
response in an animal; imaging T cell tumors in an animal; 
detecting the presence of a T cell tumor in an animal; 
determining whether an animal harbors a T cell tumor; 
5 inhibiting the proliferation of T cell tumor cells in an animal 
suffering from a T cell cancer; and inhibiting viral infection 
of the T cells of an animal. 

This invention provides an isolated nucleic acid molecule 
encoding the light chain protein of the monoclonal antibody. 
[0 In one embodiment of this invention, the nucleic acid 
molecule is a DNA molecule. Preferably, the DNA molecule 
is a cDNA molecule. 

The nucleic acid sequences described and claimed herein 
are useful for generating new viral and circular pi asm id 
vectors described below. The nucleic acid molecules are also 
15 valuable in a new and useful method of gene therapy, i.e., by 
stably transforming cells isolated from an animal with the 
nucleic acid molecules and then readministering the stably 
transformed cells to the animal. Methods of isolating cells 
include any of the standard methods of withdrawing cells 
10 from an animal. Suitable isolated cells include, but are not 
limited to, bone marrow cells. Methods of readministering 
cells include any of the standard methods of readministering 
cells to an animal. 

This invention provides a gene transfer vector, for 
25 example a plasmid or a viral vector, comprising a nucleic 
acid molecule encoding the light chain protein of the mono- 
clonal antibody operably linked to a promoter of RNA 
transcription. This invention also provides a gene transfer 
vector, for example a plasmid or a viral vector, comprising 
30 a nucleic acid molecule encoding the heavy chain protein of 
the monoclonal antibody operably linked to a promoter of 
RNA transcription. 

The gene transfer vectors described and claimed herein 
35 arc valuable as products useful for generating stably trans- 
formed eukaryotic host cells, and thereby in new and useful 
methods of growing such host cells under conditions suit- 
able for the production of a protein. 

This invention provides a host vector system comprising 
40 the gene transfer vectors described and claimed herein in a 
suitable host cell. In one embodiment of this invention, the 
suitable host cell is a stably transformed eukaryotic cell, for 
example a stably transformed yeast or a mammalian cell. In 
the preferred embodiment of this invention, the stably trans- 
45 formed eukaryotic cell is a stably transformed mammalian 
cell. 

The host vector system described and claimed herein is 
valuable in a new and useful method for the synthesis of a 
monoclonal antibody, comprising growing the host vector 
so system under conditions suitable for the production of the 
monoclonal antibody. 

This invention provides a hybridoma cell producing a 
monoclonal antibody of this invention. Preferably, the hybri- 
doma cell is the hybridoma cell producing the monoclonal 
55 antibody 5c8 (ATCC Accession No.HB 10916). The hybri- 
doma cells were accorded with ATCC Accession No. HB 
10916 which was deposited on Nov. 14, 1991 with the 
American Type Culture Collection (ATCC), 10801 Univer- 
sity Blvd., Manassas, Va., 20110-2209, U.S.A. under the 
6U provision of the Budapest Treaty for the International Rec- 
ognition of the Deposit of Microorganism for the Purpose to 
Patent Procedure. For the purposes of this invention, a 
"hybridoma cell" is a cell formed by the fusion of an 
immortalized cell and an antibody-producing cell, thereby 
65 forming a cell which makes a monoclonal antibody. 

This invention provides a CD4" human T cell leukemia 
cell line designated Dl.l (ATCC Accession No. CRL 10915) 
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capable of constituiivcly providing contact -dependent help- 
ing function to B cells. In one embodiment of this invention, 
the B cells are resting B cells. In another embodiment of this 
invention, the B cells are primed B cells. The Dl.l cell was 
deposited on Nov. 14, 1991 with the American Type Culture 
Collection (ATCC), 10801 University Blvd., Manassas, Va., 
20110-2209, U.S. A. under the provision of the Budapest 
Treaty for the International Recognition of the Deposit of 
Microorganisms for the purpose to Patent Procedure. 

The cell line described and claimed herein is valuable as 
a source of the isolated activated T cell surface protein, 
which is valuable for the information it provides concerning 
the nucleotide sequences which encode it. The nucleotide 
sequences arc valuable in a new and useful method of 
producing the soluble activated T cell surface protein 
described and claimed herein. The cell line is also valuable 
in new and useful methods for immunizing an animal 
against a protein antigen and for screening pharmaceutical 
compounds for their ability lo inhibit T cell activation of B 
cells. 

This invention provides an isolated protein from the 20 
surface of activated T cells that is necessary for T cell 
activation of B cells. In one embodiment of this invention, 
the B cells are resting B cells. In another embodiment of this 
invention, the B cells are primed B cells. Preferably, the 
isolated protein is the protein to which the monoclonal 25 
antibody 5c8 (ATCC Accession No.HB 10916) binds. 

This invention provides an isolated nucleic acid molecule 
encoding the T cell surface protein. In one embodiment of 
this invention, the nucleic acid molecule is a DNA molecule. 3Q 
Preferably, the DNA molecule is a cDNA molecule. The 
nucleic acid molecules are valuable as products for gener- 
ating new viral and circular plasmid vectors described 
below. The nucleic acid molecules are also valuable in a new 
and useful method of gene therapy, i.e., by stably transform- 35 
ing cells isolated from an animal with the nucleic acid 
molecules and then readministering the stably transformed 
cells to the animal. Methods of isolating cells include any of 
the standard methods of withdrawing cells from an animal. 
Suitable isolated cells include, but are not limited to, bone 4Q 
marrow cells. Methods of readministering cells include any 
of the standard methods of readministering cells lo an 
animal. 

ITiis invention also provides a gene transfer vector, for 
example a plasmid or a viral vector, comprising the isolated 45 
nucleic acid molecule encoding the activated T cell surface 
protein. 

The gene transfer vectors described and claimed herein 
are valuable as products useful for generating stably trans- 
formed eukaryotic host cells, and thereby in new and useful 
methods of growing such host cells under conditions suit- 
able for the production of a protein. 

This invention further provides a host vector system 
comprising the gene transfer vector in a suitable host cell. In 
one embodiment of this invention, the suitable host cell is a 
stably transformed cell, for example, a stably transformed 
eukaryotic yeast or a mammalian cell. Preferably, the stably 
transformed cell is a stably transformed mammalian cell. 

The host vector system is valuable as a product useful for 
the large scale synthesis of the activated T cell surface 
protein by growing the host vector system under conditions 
suitable for the production of protein. Thus, a method of 
producing the activated T cell surface protein is also pro- 
vided. This invention further provides the protein produced 
by this method. 

ITiis invention provides an isolated, soluble protein from 
the surface of activated T cells necessary for T cell activation 



of B cells. In one embodiment of this invention, the B cells 
are resting B cells. In another embodiment of this invention, 
the B cells are primed B cells. 

For the purposes of this invention, a "soluble protein" is 
5 a protein free of cell membranes and other cellular compo- 
nents. Preferably, the soluble protein is the protein to which 
the monoclonal antibody 5c8 (ATCC Accession No.HB 
10916) binds. In one embodiment of this invention, the 
soluble protein is labelled with a detectable marker, for 
10 example, a radioactive isotope, enzyme, dye or bio tin. The 
soluble protein is valuable as a product for making a new 
and useful pharmaceutical composition. 

Thus, a pharmaceutical composition comprising the 
soluble protein and a pharmaceutically acceptable carrier is 
also provided. "Pharmaceutically acceptable carriers" 
means any of the standard pharmaceutically acceptable 
carriers. Examples include, but are not limited to, phosphate 
buffered saline, physiological saline, water and emulsions, 
such as oil/water emulsions. 

This invention provides an isolated nucleic acid molecule 
encoding the soluble protein. In one embodiment of this 
invention, the nucleic acid molecule is a DNA molecule. 
Preferably, the DNA molecule is a cDNA molecule. 

The nucleic acid sequences described and claimed herein 
are useful for generating new viral and circular plasmid 
vectors described below. The nucleic acid molecules are also 
valuable in a new and useful method of gene therapy, i.e., by 
stably transforming cells isolated from an animal with the 
nucleic acid molecules and then readministering the stably 
transformed cells to the animal. Methods of isolating cells 
include any of the standard methods of withdrawing cells 
from an animal. Suitable isolated cells include, but are not 
limited to, bone marrow cells. Methods of readministering 
cells include any of the standard methods of readministering 
cells to an animal. 

This invention also provides a gene transfer vector, for 
example, a plasmid vector or a viral vector, comprising the 
isolated nucleic acid molecule operably linked to a promoter 
of RNA transcription. 

The gene transfer vectors described and claimed herein 
are valuable as products useful for generating stably trans- 
formed eukaryotic host cells, and thereby in new and useful 
methods of growing such host cells under conditioas suit- 
able for the production of a protein. 

This invention further provides a host vector system 
comprising the gene transfer vector in a suitable host cell. In 
one embodiment of this invention, the suitable host cell is a 
stably transformed eukaryotic cell, for example, a stably 
transformed eukaryotic yeast or mammalian cell. Preferably, 
the stably transformed cell is a stably transformed mamma- 
lian cell. 

The host vector system is valuable as a product useful for 
the large scale synthesis of the soluble activated T cell 
surface protein by growing the host vector system under 
conditions suitable for the production of protein and recov- 
ering the protein so produced. Thus, a method of producing 
the soluble protein is also provided. This invention further 
provides the soluble protein produced by this method. 

This invention provides a method of inhibiting B cell 
activation in an animal which comprises administering to the 
animal an effective inhibiting amount of a pharmaceutical 
composition comprising the monoclonal antibody which 
specifically recognizes the activated T cell surface protein 
and a pharmaceutically acceptable carrier. For the purposes 
of this invention, an "effective inhibiting amount" of a 
pharmaceutical composition is any amount of the pharma- 
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ceuiical composition which is effective to bind to a protein complexes between the monoclonal antibody and a cell 

on the surface of activated T cells and thereby inhibit T cell surface protein, such that the complexes can be imaged, 

activation of B cells. In one embodiment of this invention. Methods of determining an "effective imaging amount" are 

the B cells are resting Bee lis. In another embodiment of this well known to those skilled in the art and depend upon 

invention, the B cells are primed B cells. 5 factors including, but not limited lo the type of animal 

Methods of determining an "effective amount" are well involved, the size of the animal and the imaging agent used, 

known to those skilled in the art and will depend upon In one embodiment of this uivention, the imaging agent is a 

factors including, but not limited to, the type of animal radioisotope. 

involved and the animal's body weight. In one embodiment This invention provides a method of delecting the pres- 

of this invention, the animal is a mammal, for example a 10 ence of a Tcell tumor, e.g., a T cell leukemia or lymphoma, 

mouse or a human. Preferably, the mammal is a human. in an animal which comprises: administering to the animal 

For the purposes of this invention, "administration" an amount of a pharmaceutical composition comprising a 

means any of the standard methods of administering a monoclonal antibody bound to a detectable marker effective 

pharmaceutical composition known to those skilled in the to bind to a protein on the surface of Tcell tumor cells under 

art Examples include, but are not limited to, intravenous, 15 conditions permitting the formation of complexes between 

intraperitoneal or intramuscular administration. the monoclonal antibody and the protein; clearing any 

™, . j e • • M i li • unbound imagine agent from the animal; and detecting the 

The method of inhibiting B cell activation is valuable in any monoclonal antibody/protein complex so 

a newandusefu method for inhibiting the immune response P ^ ^ £ indicating the pres- 

of an animal. In one embodiment of this invention, the 2Q ence of V ce ii lumor ce i k in lhe animal. In one embodiment 

animal is a mammal, for example a mouse or a human. mv fc a ma a mouse Qr 

Preferably, the mammal is a human. a prefcrab i y> me mammal is a human . 

In one embodiment of this invention, inhibiting the "Administering" means any of the standard methods of 

immune response of an ammal is ^valuable : « ; a ™thod of administcri a pharmaceutical composition known to those 

inhibiting he rejection by the animal of a transplant organ, 25 . q ^ J ^ bm ^ no( UmUed tQ 

for example, a heart, kidney or liver. intravenous, intramuscular or intraperitoneal administration. 

In another embodiment of this invention, inhibiting the Methods of detecting the formation of monoclonal antibody/ 
immune response of an animal is valuable as a method of protcin complexes, e.g., by exposure of x-ray film or micro- 
inhibiting the autoimmune response in an animal suffering sow examination, are well known to those skilled in the 
from autoimmune disease. Examples of autoimmune dis- 30 art 

eases include, but are not limited to, rheumatoid arthritis, ^ „ cffective amount » of the pharmaceutical composition 

Myasthenia gravis, systemeic lupus erythematosus Graves ^ amounl of the pbannacculical composition effective 

disease, idiopathic thrombocytopenia purpura, hemolytic tQ ^ nce of a T cell tumor in ^ c animal . 

anemia, diabetes mellitus and drug-induced autoimmune Methods of detcrmining an « c flfective amount" are well 

diseases, e.g., drug-induced lupus. 35 lo those {n {he ^ { ^ dQpcnd upon a num b cr 

In still another embodiment of this invention, inhibiting of f actors including, but not limited to: the type of animal 

the immune response in an animal is valuable as a method involved, the size of the blood sample contacted and the 

of inhibiting allergic responses, e.g., hay fever or an allergy detectable marker used. In one embodiment of this 

lo penicillin, in the animal. invention, the detectable marker is a radioisotope, enzyme, 

This invention provides a method of imaging T cell dye or biolin. 

tumors, e.g., T cell leukemias or lymphomas, in a patient invention provides a method of determining whether 

which comprises: administering to the patient an effective an animal harbors a T cell tumor, e.g., a T cell leukemia or 

imaging amounl of a pharmaceutical composition compris- lymphoma, which comprises: isolating a sample of blood 

ing the monoclonal antibody which specifically recognizes ^ jy om tbe an inial; contacting said sample with an amount of 

the activated T cell surface protein, conjugated to an imaging pharmaceutical composition comprising a monoclonal 

agent, under conditions permitting the formation of a com- antibody, wherein the monoclonal antibody is labelled with 

plex between the monoclonal antibody and a protein on the a detectable marker, effective to bind to a soluble protein 

surface of the tumor cells; and imaging any monoclonal under conditions permitting the formation of a complex 

antibody /protein complex formed, thereby imaging any T ^ between the monoclonal anubody and the protein; and 

cell tumors in the patient. Preferably, the patient is a human detecting the presence of any monoclonal antibody/protein 

patient. complex so formed, the presence of such complex indicating 

The T cell surface protein is found in animals free of the presence of T cell tumor cells in the patient, 

tumors only on the surface of activated T cells, i.e., those T Th e method provided by this invention is valuable as a 

cells providing contact-dependent helper function to B cells 55 new an d useful method of detecting the presence of T cell 

in the germinal centers of lymph nodes. However, the tumor cells in the blood of an animal before the presence of 

protcin is found on the surface of T cell tumor cells circu- tnc tumor cells themselves can be detected. The method 

la ting in the blood of the animal. provided by this invention is also valuable as a new and 

"Administering" means any of the standard methods of useful method for determining the effectiveness of the 

administering a pharmaceutical composition known to those 6l) treatment of an animal with an anli-T cell tumor drug, i.e., 

skilled in the art. Examples include, but are not limited to by determining the level of soluble protein in the blood of 

intravenous, intramuscular or intraperitoneal administration. the animal, such level being indicative of the effectiveness 

Methods of detecting the formation of monoclonal antibody/ of the treatment. 

protein complexes, e.g., by exposure of x-ray film, are well n is wc n known to those skilled in the art that the blood 

known to those skilled in the art. 65 of patients suffering from T cell tumors contains soluble 

An "effective imaging amount" of the pharmaceutical proteins, e.g., the Tac antigen, shed from the surface of Tcell 
composition is any amount effective for the formation of tumor cells. Thus, the presence of soluble T cell surface 
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proteins in the blood of an animal is indicative of the 
presence of T cell tumors in the animal. 

For the purposes of Ihis invention, a "soluble protein" is 
a protein free of cell membranes and other cellular compo- 
nents. In the preferred embodiment of this invention, the 
soluble protein is the protein to which the monoclonal 
antibody 5c8 (ATCC Accession No.HB 10916) binds. 

"Isolating" blood from an animal means any of the 
generally acceptable methods of withdrawing blood and 
immediately placing the blood into a receptacle containing 
an anticoagulant, e.g., heparin, EDTAor citrate. Methods of 
detecting monoclonal antibody/protein complexes are well 
known to those skilled in the art. Examples include, but are 
not limited to, exposure of x-ray film and ELISA. 

An "effective amount" of the pharmaceutical composition 
is any amount of the pharmaceutical composition effective 
to detect the presence of the soluble protein in the blood of 
the animal. Methods of determining an "effective amount" 
are well known to those skilled in the art and depend upon 



azothioprine, for its ability to inhibit T cell helper function 
which comprises: isolating a sample of blood from an 
animal; culturing said sample under conditions permitting 
activation of the B cells contained therein; contacting the 
5 sample with an amount of the Dl.l cell line effective to 
activate B cells; contacting the sample with an amount of a 
pharmaceutical compound effective to inhibit T cell activa- 
tion of B cells if the pharmaceutical compound is capable of 
inhibiting T cell activation; and determining whether the T 
10 cell line activates B cells in the presence of the pharmaceu- 
tical compound. 

In one embodiment of this invention, the B cells are 
resting B cells. In another embodiment of this invention, the 
B cells are primed B cells. 
15 In one embodiment of this invention; the blood is isolated 
from a mammal, e.g., a mouse or a human. 

"Isolating" blood from an animal means any of the 
generally acceptable methods of withdrawing blood and 
immediately placing the blood into a receptacle containing 



a number of factors including, but not limited to: the type of an anlit; oagulanl, e.g., heparin, EDTA or citrate. Culturing B 



animal involved, the size of the blood sample contacted and 
the detectable marker used. In one embodiment of this 
invention, the detectable marker is a radioisotope, enzyme, 
dye or biotin. 

In one embodiment of this invention, the animal is a 
mammal, e.g., a mouse or a human. Preferably, the mammal 
is a human. 

This invention provides a method of inhibiting the pro- 
liferation of T cell tumor cells in an animal suffering from a 
T cell cancer, e.g., a T cell leukemia or lymphoma, which 
comprises administering to the patient an amount of the 
pharmaceutical composition, comprising a monoclonal anti- 
body conjugated to a therapeutic agent, effective to inhibit 
the proliferation of T cell tumor cells. In one embodiment of 
this invention, the animal is a mammal, e.g., a mouse or a 
human. Preferably, the mammal is a human. 

"Administering" means any of the standard methods of 
administering a pharmaceutical composition known to those 
skilled in the art. Examples include, but are not limited to 
intravenous, intramuscular or intraperitoneal administration. 

An "effective amount" of the pharmaceutical composition 
is any amount of the pharmaceutical composition effective 
to inhibit the proliferation of T cell tumor cells. Methods of 
determining an "effective amount" are well known to those 
skilled in the art and depend upon factors including, but not 
limited to: the type of animal involved, the size of the animal 
and (he therapeutic agent used. In one embodiment of this 
invention, the therapeutic agent is a radioisotope, toxin, 
toxoid or che mo therapeutic agent. 

This invention provides a method of inhibiting viral 
infection of the T cells of an animal by the HTLV I virus 
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cells under "conditions permitting activation of B cells" 
comprises culturing B cells in the presence of lymphokines. 
An "effective activating amount" of the Dl.l cell line is any 
concentration of the cells in culture effective to activate B 
cells in the culture. Methods of determining an "effective 
activating amount" are well known to those skilled in the art. 

A method of immunizing an animal against a protein 
antigen which comprises: isolating a sample of blood includ- 
ing immature B lymphocytes from the animal; recovering 
immature B cells from said sample; coculturing said imma- 
ture B cells with an amount of the cell line Dl.l or the 
pharmaceutical composition comprising the soluble acti- 
vated T cell surface protein effective to stimulate the B cells 
to differentiate under conditions permitting the differentia- 
tion of B cells; contacting said differentiated B cells with an 
amount of the protein antigen effective to induce the differ- 
entiated B cells to produce an antibody which recognizes the 
protein antigen; and administering said antibody-producing 
B lymphocytes to the animal from which the blood sample 
was isolated. 

For the purposes of this invention, "immature B cells" are 
undifferentiated, non-antibody synthesizing B cells. 

"Isolating" blood from an animal means any of the 
generally acceptable methods of withdrawing blood and 
immediately placing the blood into a receptacle containing 
an anticoagulant, e.g., heparin, EDTAor citrate. Culturing B 
cells under "conditions permitting differentiation of B cells" 
comprises culturing B cells in the presence of lymphokines. 
Methods of administering the B lymphocytes to the animal 
include any of the generally acceptable methods for admin- 
istering cells to an animal. 

An "effective amount" of the Dl.l cell line or the soluble 



comprising administering to the animal an amount of a 

pharmaceutical composition, comprising a monoclonal and- aclivaled T „ surface in ^ amoum of the cell line 

body which specifically recognizes a protein on the surface 55 * induce B ^ di£fer , 

of actuated T cells, effective o inhibit infection of T £ q detcnnini aQ „ effcctivc amounr ar6 

cells by the HTLV vims. In one embodiment^ this ^ ^ ^ ^ 
invention, the animal is a mammal, e.g., a mouse or a 



human. Preferably, the mammal is a human. •« 

It is well known to those skilled in the art that the CD4 
protein is the cellular protein to which the HTLV I virus 
binds. HTLV I vims thus specifically infects CD4*, but not 
CD8 + T cells. This invention provides a protein, the protein 
to which monoclonal antibody 5c8 binds, also specific to 
CD4 + T cells. 

This invention provides a method of screening a pharma- 
ceutical compound, e.g., cyclosporin, cyclophosphamide or 



An "effective differentiating amount" of a protein antigen 
is any "amount of the antigen effective to induce differenti- 
ated B cells to produce an antibody which specifically 
recognizes the antigen. 

In one embodiment of this invention, the animal is a 
mammal, e.g., a mouse or a human. Preferably, the mammal 
is a human. 

In one embodiment of the invention, the antigen is a viral 
protein antigen, e.g., a hepatitis B vims protein antigen, a 
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Human T cell Leukemia Virus protein antigen or a Human 
Immunodeficiency Virus protein antigen. In another 
embodiment of this invention, the antigen is an an to antigen. 

This invention provides a method of treating a patient 
suffering from hvpogammoglobulinemia which comprises 5 
administering to the patient an amount of the soluble acti- 
vated T cell surface protein effective to treat the patient for 
hvpogammoglobulinemia. Methods of determining an 
"effective amount" are known to (hose skilled in the art. 

10 

Materials and Methods 

GENERATION AND CHARACTERIZATION OF 5C8 
MONOCLONAL ANTIBODY. Five BALB/c mice were 
immunized with 2xlO ft Dl.l cells in saline intravenously J5 
and then boosted intraperitoneally al five, approximately 
two- week, intervals. The sera of these mice were titrated to 
test for the presence of antibodies thai bound preferentially 
to Jurkat Dl.l versus B2.7 cells by FACS. One mouse, 
which showed the best differential titer, received a boost of 
2xl0 6 Dl.l cells intravenously 3 d prior to fusion. Spleno- 
cytes from this mouse were fused with 7xl0 7 murine SP2/0 
myeloma fusion partner cells as previously described (60). 
The cell mixture was cultured overnight in Dulbecco's 
Modified Eagle's Medium (DMEM) containing 15% FCS 2J 
before the fusion product was seeded into 360 8- mm wells. 
Colonies appeared in 220 wells and all were screened by 
FACS for differential binding to Dl .1 and B2.7 cells. A mAb 
designated 5c8 was found to bind to Dl .1 cells and not B2.7 
cells. The 5c8 clone was subcloned multiple times until 3Q 
monoclonality was established. The 5c8 mAb was found to 
be IgG2a by Elisa (HYCLONE®, Logan, Utah). 

MONOCLONAL ANTIBODIES. The following mAbs 
were produced by hybridomas available from the American 
Type Culture Collection (Manassas, Va.): OKT11 (anti- 35 
CD 2), OKT10(anti-38), OKT8(anti-CD8), OKT6(anti- 
CDla), OKT4(anti-CD4), OKT3(anti-CD3), OKTlfanti- 
CD5), 3Al(anli-CD7), Tac(anli-CD25), T-HB5(anti-CD21, 
CR2), W6/32(anti-MHC class I), AB2.06(ami-MHC class 
II), L243(anti MHC class II), 93F10(anti-MHC class II), 40 
TSl/22.1.13(anti-LFA-la), TS 1/18.1. 2. 11.4(anti-LFA-ip) f 
l-S2/9.1.4.3(anti-LFA-3) and 187.1(anti-human Ig(Fab)). 
These mAbs were either used at saturating concentrations of 
hybridoma supematants, or purified from ascites fluid on 
protein A columns (Biorad, Rockville Center, N.Y.). The 45 
anti- Jurkat TCR clonotypic (anti-v38) mAb 16G8 and a 
panel of other such anti-TCR mAb were purchased from 
Diversi-T, T Cell Science (Cambridge, Mass.). The mAb 
OKT4A was purchased from Orlho Pharmaceutical (Raritan, 
N.J.), TCR8-1 was the gift of Dr. Michael Brenner, Harvard 50 
Medical School (Boston, Mass.). M241(anti-CDlc) was the 
gift of Dr. Cox Tcrhorst of Harvard Medical College. FITC 
labeled ant-CD23-PE mAbs and unlabelled anti-CD 69 were 
purchased from Becton Dickinson (Mountain view, Calif.). 
FITC labeled anti-IgM was purchased from Tago 55 
(Burlingame, Calif.). Kolt-4 (anti-CD28) and ami-CD27 
were purchased from Accurate Scientific (Weslbury, N.Y). 

Recombinant proteins, rIL-4 was purchased from G en- 
zyme (Cambridge, Mass.). rIL-2 was a gift of 
H OFFM ANN-LAROCH E® (Nulley, NJ.). 6 o 

CYTOFLUOROGRAPHIC ANALYSIS. Approximately 
10 5 cells were incubated with saturating concentrations of 
the indicated mAbs for 45 min at 4° C. in the presence of 80 
/fg/ml heat-aggregated human IgG (International Enzyme, 
Fallbrook, Calif.). Cells were washed to remove unbound 65 
mAb before incubation with goat anti -mouse Ig secondary 
antibody coupled to fluorescein (Cappel, Cochranville, Pa.). 



For two color analysis, cells were reacted with the indi- 
cated directly coupled FITC or Phycoerythrin (PE) conju- 
gated mAb for 45 min at 4° C. in the presence of aggregated 
human IgG. Prior to analysis, cells were washed and resus- 
pended in PBS. Fluorescence intensity was measured on a 
FACSCAN Cytofluorograph with the consort-30 software 
(BECTON-DICKINSON®, Mountainview, Calif.). In 
experiments involving co-culture of B cells with Jurkat 
clones, the Jurkat cells were excluded from the analysis of 
B cell fluorescence by gating on the distinct population of 
cells with low forward and side light scatter. In experiments 
with PMA and PHA activated cells, dead cells were 
excluded from analysis by treatment with propridium iodide 
and electronic FACS gating. 

CELL LINES. The following cell lines are available from 
the American Type Culture Collection (Manassas, Va.); 
HPB-ALL, Jurkat, CEM, PEER, MOLT-IV, K562, Ramos, 
Raji and U937. BA is an Epstein Barr virus transformed B 
cell line that has been previously reported (61). H9 is 
available from the HIV Repository (Rockville, Md.). IILA 
typings was performed by Dr. Elaine Reed of the Depart- 
ment of Pathology, Columbia University (One Lambda, Los 
Angeles, Calif.). Jurkat Dl.l and B2.7 were negative for 
mycoplasma by the Mycotect kit (GIB CO®, Grand Island, 
N.Y.) and by the DNA hybridization method (Genprobe, La 
Jolla, Calif.). 

ISOLATION OF CELL POPULATIONS. Peripheral 
blood lymphocytes were obtained from the freshly drawn 
blood of healthy volunteers by centrifugation on Ficoll- 
Hypaque (Sigma®, St. Louis, Mo.) or Leukoprep 
(BECTON-DICKSON®). T cells were positively selected 
with neuraminidase treated sheep erythrocytes. CD4*CD8~ 
and CD4" CD8 + T cell subsets were isolated by anti-CD8 or 
anti-CD4 mAb treatment, respectively, followed by comple- 
ment mediated lysis as previously described (19). B cells 
were derived from the population of cells that did not pellet 
through ficoll-hypaque after two rounds of resetting with 
neuraminidase treated sheep erythrocytes. 

B cells were further purified by either density centrifu- 
gation or by positive selection on an anti-Ig column. In the 
first method, E- cells were cultured overnight in polystyrene 
flasks (37° C, 5% C0 2 ) to deplete macrophage by adher- 
ence. These non-T cell, non- macrophage cells were frac- 
tionated into high and low density fractions in a discontinu- 
ous 30%/50%/100% PERCOLL™ gradient by 
centrifugation at 2300 rpm for 12 min. High -low-density 
cells were obtained from the 50/100% interface and low- 
density cells from the 30/50% interface (62). The high 
density (resting) cells were typically 60-80% CD20*. 
55-80% IgM + and <5% CD3 and <5% CD 23 (background). 
In other experiments (where indicated) B cells were purified 
by SEPHADEX® G-200 anti-F(ab) 2 Ig affinity chromatog- 
raphy into slg* cells as has been described (19,62). The slg 
populations were typically <5% CD3*, <10 CD2* and >90% 
CD20* when analyzed by FACS. 

SDS PO LYACR YLAM I D E GEL ELECTROPHORESIS. 
Jurkat clones were iodinatcd by the lactopcroxidasc method, 
solubilized in 1% NP40, 25 mM Tris-buffered PBS contain- 
ing iodoacetamide and 10 ^m PMSF. The cell lysates were 
reacted with protein A-4B SEPHAROSE® beads 
(PHARMACIA®, Uppsula, Sweden) that were coated with 
mAb 187.1 (anti-human F(ab)Ig) and approximately 10 /*g 
of the indicated mAb. After washing the beads to remove 
non-specifically bound proteins, the precipitated proteins 
were denatured by heating in SDS in the presence or absence 
of 2-ME. The denatured proteins and pre-stained MW 
markers (Biorad, Rockville Center, N.Y.) were electrophore- 
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sed through 12% potyacrylamidc in 12 cm gels (Biorad 
Protean Gel, Rockville Center, N.Y) and dried gels were 
used to expose X-ray film (KODAK®, Rochester, N.Y.). 

MITOMYCIN-C AND PARAFORMALDEHYDE 
TREATMENTS. Jurkat cells (10 7 /ml) were treated with 50 * 
fig/m\ mitomycin- C (SIGMA®, St. Louis, Mo.) for 60 min 
at 37° C. The mitomycin-treated Jurkat cells were washed 
twice, resuspended in mitomycin free media and then cul- 
tured for 45-60 min at 3° C. The cells were washed two 
additional times and then added to the B cell cultures. In 10 
fixation experiments, T cells were treated with freshly made 
0.5% paraformaldehyde for 5-10 minutes, quenched with 
0.2 M L-lysine and washed five times before addition to 
cultures of B cells. 

T CELL ACTIVATION. In experiments studying expres- 15 
sion of 5c8 Ag, resting T cells were cultured in the presence 
or absence of 10 /ig/ml phorbol myristate acetate (PMA) 
(SIGMA®, St. Louis, Mo.) and 10 /<g/ml PHA (SIGMA®). 
In experiments studying the metabolic requirements for 5c8 
Ag expression, T cells were activated in the presence of 100 20 
|im cyclohexamide (SIGMA®) or 10 //g/ml actinomycin D 
(SIGMA®). 

In experiments studying the induction of CD23 expres- 
sion on high density B cells by activated T cells, the mAbs 2J 
OKT3 or OKT4 were immobilized on the surfaces of 24 well 
culture plates by incubation of 10 fig/m\ of mAb in PBS for 
1 h. Control wells were incubated in PBS containing no 
mAb. After washing unbound mAb coated plates at 2xl0 6 
cell/well in the presence of 10 ng/ml phorbol dibutyrate ^ 
(PDB) (SIGMA®) for 6 h. The cells were removed by 
vigorous pipetting, washed and fixed with 0.5% paraform- 
aldehyde as described above before culture al a 1:1 ratio 
with 2x10 s high density, PER COLL® isolated, resting B 
cells for 18 h. B cell CD23 expression was determined by 35 
2-color FACS as described above. 

ASSAYS OF B CELL ACTIVATION AND DIFFEREN- 
TIATION. In experiments measuring the induction of B cell 
surface CD23 expression, 2x10 s high density B cells were 
added to the indicated number of Jurkat cells or T cells in ^ 
200 fi\ of Iscove's Modified Dulbecco Medium (IMDM) 
10% FCS round bottom microtiter wells (Nunc) and assayed 
for CD23 expression after 18-24 h. Two chamber experi- 
ments were performed with 5x10 s Jurkat cells in the pres- 
ence or absence of 5x10 s B cells separated from 5xl0 3 cells 45 
by 45-jum culture plate inserts from M1LLIPORE® 
(Bedford, Mass.). 

B cell proliferation was measured by culturing 10 s B cells 
with equal numbers of mitomycin-C- treated E* cells or 
Jurkat clones in flat bottom microtiter wells (NUNC™) in 50 
the presence or absence of PHA (5 /*g/ml). The cultures were 
pulsed with 1 fid (II 3 ) thymidine (New England Nuclear, 
Boston, Mass.) after 60 h and harvested 16 h later on glass 
fiber filter paper (Cambridge Technology, Water town, 
Mass.). Beta scintillation cpm were measured on a beta 55 
counter (LKB® RACKBETA™ counter, Model 1209). 

The measurement of plaque forming colonies (PFQ was 
a modification of the Jerne hemolytic plaque assay (19). 
Briefly, 2.5X10 5 B cells were cultured with varying numbers 
of mitomycin-C treated Jurkat cells or untreated freshly 60 
isolated, autologous T cells for 6 days in the presence or 
absence of a 1:400 dilution of pole weed mitogen (PWM) 
(GIBCO®, Grand Island, N.Y). The cells were washed 
twice and resuspended in Hanks balanced salt solution. 
From an appropriate dilution, 50 ul of cultured cell suspen- as 
sion was mixed with: 10 fd of an 11% solution of SRBC that 
had been coated with rabbit anti-human Ig by chromic 
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chloride, 10 /d of diluted rabbit anti-human Ig and 10 //l of 
guinea pig complement. These mixtures were introduced 
into duplicate glass chambers and cultured for 2 h at 37° C. 
Plaques were counted using a dissecting microscope and 
expressed as plaque forming colonies (PFC) lO 6 B cells. 

ELISA for Ig isotype quantitation were performed by 
coating polystyrene 96- well plates (Immulon II, Dynatech 
Laboratories, Chanlilly, Va.) with dilutions of goat anti- 
human IgA, lgG, or lgM (Tago, Burlingame, Calif.) in 
carbonate buffer, pH 9.6, for 18 h at 4° C. The plates were 
washed with 0.05% Tween® in PBS, and nonspecific sites 
were blocked by a 2 h incubation of 1% BSA-PBS. After 
washing, 50 fi\ of cell culture supernatants or Ig isotype 
standards (Rockland, Gilbertsville, Pa.) were added to the 
wells and allowed to bind for 2 h. Next, goat anti-human lg 
coupled to alkaline phosphatase (Tago) was added to detect 
hound human Ig. After 2 h, the wells were washed and 
p-nitrophenyl phosphate was added. Absorbance was mea- 
sured al 405 nm in a Molecular Devices VMAX® device 
(Palo Alto, Calif.). Samples were assayed in triplicate. Error 
bars represent calculated standard deviation from curve fit 
and interpolation (Delta-Soft, BioMctalHcs, Inc. Princeton, 
NJ.). 

EXAMPLES 

Example 1 
Role of CD4 in T Cell Function 

To study the role of CD4 in T cell functions, a CD4" 
Jurkat clone (Dl.l) was isolated from a culture that spon- 
taneously developed a CD4~ subpopulation identified by a 
negative peak on FACS analysis. The lack of CD4 surface 
expression was relatively specific in that the cell surface 
phenotype of Jurkat Dl.l with respect to the binding of a 
large panel of mAb was similar to a CD4* clone, Jurkat B2.7 
(FIGS. 1A-H and Table 1). Although the differential expres- 
sion of CD4 was the only qualitative difference between 
these subclones, some of the other molecular structures 
studied were expressed at quantitatively different levels. For 
example, Jurkat Dl.l expressed more CD2 and MHC class 
(HLA) molecules than Jurkat B2.7. However, Jurkat Dl .1 
expressed fewer CD28 molecules and fewer TCR-<x/p"(vp8)/ 
CD3 complexes than Jurkat B2.7 (FIGS. 1A-H and Table 1). 
In addition to their shared reactivity with the clonotypic 
anti-TCR mAb, Jurkat Dl.l and B2.7 were HLA identical 
(A3, 34,2, 16) and distinct from an unrelated T cell leukemic 
line, HPB-ALL (A9). Together, these data demonstrated that 
Jurkat Dl.l was a CD4~ subclone of Jurkat and that the 
absence of CD4 molecules was a relatively specific alter- 
ation in its surface phenotype. 

TABLE 1 



CELL SURFACE PIIENOTYPES OF 
JURKAT CLONES Dl.l AND B2.7 

Mean 
Fluorescence 
Intensity* 



CD No. 


Molecule 


mAb 


Dl.l 


B2.7 




TCRa/p 


BMA-031 


10 


40 




TCRv&S 


16G8 


30 


70 




TCR-vp5 


W6/32 


0 


0 




MHC-claisI 


W6/32 


190 


70 




MHC-classII 


Z06 


0 


0 


com 


T6 


OKT6 


10 


10 


CDlc 




M241 


10 


10 
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TABLE 1 -continued 



CELL SURFACE PHENOTYPES OF 
JURKAT CLONES Dl.l AND B2.7 
5 

Mean 
Fluorescence 
[n tensity* 



CD No. 


Molecule 


mAb 


Dl.l 


B2.7 


CD2 


Til 


OKT11 


100 


10 


CD3 


I CR uimplex 


OKT3 


30 


80 


v_-L>* 


'1*4 


•** 


0 


130 


cos 


T1 


OKTl 


20 


90 


CD7 




3A1 


200 


190 


CDS 


T8 


OKT8 


0 


0 


CDlls 


LFA-la 


TS1/ 










22.1.13 


40 


100 


CD14 




My2 


0 


0 


CD16 


FcyRII 


3G8 


20 


20 


CD18 


LFA-ip 


TSV 










1S.1.2.11.4 


30 


SO 


CD21 


OR 2 




0 


0 


CD23 


FcyRII 


leti20 


0 


0 


CD25 


tac. ll.-2Rn 


tac 


0 


0 


CD26 


DPPIV 


taq-1 


0 


0 


CD28 


9.3. gp44 


KOLT-4 


30 


70 


CD29 




4B4 


140 


110 


CD38 


T10 


OKT10 


40 


30 


CDw32 


FctRII 


32.2 


0 


0 


CD45RA 


1*200. LCA 


2H4 


30 


40 


CD45RO 


1*200. LCA 


UCHL1 


10 


20 


CDw49 


VLA-1 


1B.3 


0 


0 


OD58 


LFA-HI 


TS2/9.1.4.3 


40 


60 


CD64 


FcyRI 


IV 3 


0 


0 



15 



20 



"Numbers represent mean fluorescence intensity (arbitrary units) as deter- 
mined by FACS. Background is subtracted and numbers arc rounded off to the 
nearest ten units. 



In functional studies, we compared the ability of CD4"*" 
(B2.7) and CD4" (Dl.l) Jurkat cells to induce resting B cells 
to express CD23, a marker of B cell activation (32, 35, 57). 
Surprisingly, co -culture of B cells with CD4" Jurkat (Dl.l) 
but not CD4* Jurkat cells (B2.7) induced CD23 expression 40 
on greater than 60% of B cells (FIGS. 2A-F). The induction 
of B cell surface CD23 expression by Jurkal Dl.l was 
maximal at 20-24 h at a ratio of 1:1 Dl.l cells lo B cells 
(FIGS. 3A-B). In contrast, the B3.7 Jurkat subclone did not 
activate B cells at high ratios (FIGS. 3A-B) or at long 45 
periods of coculture (up to 48 h, not shown). In addition, 
Jurkat Dl.l was unique in this ability compared with other 
T cell (H9, HPB-ALL, MOLT-IV, CEM) and non-T cell 
(U937) leukemic lines (not shown). Jurkat Dl.l induced B 50 
cell CD23 expression selectively because the levels of other 
B cell surface molecules such as IgM (FIGS. 2A-F), CD20 
(FIGS. 2A-F), or class I MHC were not affected. The effect 
of Jurkat Dl.l on B cell activation was consistently 
observed on B cells from over 25 unrelated donors, sug- 55 
gesting that the effect was neither Ag nor MHC restricted. 

B cell CD23 expression is an early and possibly interme- 
diate stage in terminal B cell differentiation into Ig-secreting ^ 
cells. Other stimuli, besides those contributed by activated T 
cell surfaces are required to mediate substantial B cell 
proliferation and differentiation. Because the measurements 
of B cell proliferation or differentiation require several days 
of culture, wc inhibited the proliferation of the Jurkat clones ^5 
by prelreatment with milomycin-C, which did not abolish 
their capacity to activate B cells (Tabic 2). 



TABLE 2 



EFFECTS OF MITOMYCIN-C AND ANTIBODIES TO IL-4 ON 
B CELL CD23 EXPRESSION INDUCED BY 1URKAT Dl.l CELLS 



Jurkat clones 



B cells 


C 


rIL-4 


rIL-2 


Dl.l 


B2.7 


Dl.l/M 


B2.7/M 


plus 


14 


64 


17 


81 


16 


57 


14 


Anti-IL-4 


ND 


28 


ND 


84 


ND 


64 


ND 


AdiHL-2 


ND 


60 


ND 


86 


ND 


60 


ND 



Shown ore the percentages of CD20 (Leu -16)*" B cells expressing CD23 as 
determined by two-color FACS analysts with anti-CD20 (Leu-16)-FtTC and 
anti-CD23 PE. High density Percoll ®-fractionated B cells (2 x 10*) were 
cultured alone or with an equal number of either Jurkat B2.7 or Dl.l cells as 
indicated for 20 h. Where indicated, purified polyclonal rabbit anti-IL-4 or 
anli-IL-2 Ig was added at the initiation of the experiment to final concentra- 
tions of 1 .25 /-g/ml. Where indicated, rtL-2 or rIL-4 were added to indicated 
cultures to final concentrations of 25 U/ml. Cells analyzed were gated by 
forward and side light scatter to exclude the larger Dl.l or B2.7 cells (when 
present) from the analysis. C: Control; Dl.l/M: Dl.l cells treated with 
mitomycin-Q B2.7/M: B2.7 cells treated with milomycin-C; ND: not deter- 
mined. 

Mitomycin-C treated CD4" Jurkat Dl.l and CD4 + Jurkat 
B2.7 were then studied for their ability to induce B cell 
proliferation or terminal B cell differentiation into 
Ig-secreting cells. In the presence of T cell -dependent B cell 
mitogens (66), Jurkat Dl.l- but not B2. 7 -induced B cell 
proliferation measured by DNA synthesis (FIGS. 4A-B) and 
differentiation to Ig-secreting cells measured by reverse 
hemolytic plaque assay (FIG. 5A). In addition, the isotypc of 
secreted antibody was characterized by quantitative EL1SA. 
Jurkat Dl.l but not B2.7 induced the secretion of IgG and 
to a lesser extent, IgM into the culture supernatant (FIGS. 5B 
and C). Taken together, these data show that Jurkat Dl.l but 
not Jurkal B2.7 shared with activated T cells the functional 
capacity to support B cell differentiation and the secretion of 
IgM and IgG. 

Example 2 

Role of Diffusible Factors in B Cell Activation 

Dl.l supernatants did not induce B cell CD23 expression 
(FIGS. 3A-B). We next performed two chamber experi- 
ments in which resting B cells were cultured in a chamber 
that was separated by a permeable membrane from cither 
lymphokine containing media or from cultures of Dl.l cells 
in the presence or absence of B cells. In an experiment in 
which B cells (66% IgM*) were cultured in a chamber with 
a 0.45-n\u membrane, rIL-4 (25 U/ml) induced CD23 
expression on 28% of IgM* B cells, as measured by two- 
color FACS analysis. In contrast, Dl.l cells did not activate 
B cells in the other chamber to express CD 23 (4.7% for Dl.l 
vs 4.0% background). In addition, coculture of Dl.l cells 
with B cells in one chamber did not activate B cells in the 
other chamber lo express Cd23 (4.9%). However, Dl.l cells 
potently induced CD23 expression by the B cells with which 
they could establish direct contact (76% vs 8.4% for B2.7 
cells). Taken together, these data failed to support a role for 
diffusible factors in mediating the Dl.l effect on B cells. 

Because rlL-4 was known to activate B cells to express 
CD23 (67), we further studied the potential role of IL-4 in 
mediating this effect in addition to inducing CD23 expres- 
sion on B cells. rIL was known to up-regulate B cell slgM* 
expression (59). Whereas rIL-4 induced CD23 expression 
and slgM up-regulation in a dose -dependent manner, Dl.l 
cells induced CD23 expression but did not up-regulate B cell 
slgM (FIGS. 6A-E). The effect of Dl.l cells on B cell 
proliferation was also distinct from that of rIL-4 (FIGS. 
4A-B). Dl.l cells, but not rIL-4 induced B cell proliferation 
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in the presence of PHA. Interestingly, rIL-4 and Dl.l cells 
collaborated to induce B cell proliferation in the absence of 
PHA and augment Dl.l induced proliferation in the pres- 
ence of PHA. Taken together these data suggest that the 
effect of Dl.l cells on B cells are distinct from those induced 
by IL-4. However, to directly examine the role of IL-4 in 
Dl.l's effect on B cells, we used neutralizing antibodies lo 
IL-4. Concentrations of anti-IL-4 antibodies that inhibited 
both the CD 23 induction and slgM up-regulation mediated 
by rIL-4 (FIGS. 6A-E) did not inhibit DM-mediated B cell 
CD23 expression (Table II). These data demonstrated that 
IL-4 alone did not account for the effect of Dl.l on B cells. 
Taken together, these results strongly suggested that cell-cell 
contact and not secreted factors accounted for the effects of 
Dl.l on B cell activation. 

To substantiate the idea that cell -cell contact mediated the 
Dl.l effect on B cells, we fixed Jurkat Dl.l and control, 
B2.7 cells with 1% paraformaldehyde. Although paraform- 
aldehyde fixation decreased the potency of Jurkat Dl.l to 
activate B cells, fixed Dl.l cells remained competent lo 
induce B cell CD23 expression whereas, fixed B2.7 cells did 
not alter CD23 expression from the background level. At a 
ratio of 5:1 fixed Dl.l cells:B cells, 63% of B cells were 
induced. to express CD23 as compared with 80% for unfixed 
Dl.l cells. Taken together, these data suggest that that 
surface structures on Jurkat Dl.l are sufficient to induce B 
cell activation. 

Example 3 

Characterization of Cell Surface Proteins on Activated CD4* 
T Cells that Mediate Helper Effector Function 

In order to characterize cell surface proteins on activated 
CD4 + T cells that mediate helper effector function, mice 
were immunized with the Dl.l clone of Jurkat that possess 
contact dependent helper effector function. Monoclonal anti- 
bodies (mAb) were generated and hybridoma supernatants 
were screened for differential binding to the Dl.l clone and 
a non-helper Jurkat clone, B2.7. 

A murine IgG2a mAb, termed 5c8, was identified that 
bound specifically to the surface of Dl.l cells and not to the 
surface of the non-helper, B2.7 cells (FIGS. 7A-L). The 
mAb 5c8 did not bind to a variety of other cell lines 
including: the T cell leukemia lines, CEM, H9, Molt-4 and 
Peer; the B cell derived cell lines, BA, Raji or Ramos; the 
myelomonocytic cell line, U937; or the erythroleukemia cell 
line, K562 (see Table 3 below). 

TABLE 3 

EXPRESSION OF 5c8 Ag ON 
CELL POPULATIONS AND CELL LINES 
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TABLE 3-continued 



EXPRESSION OF 5c8 Ag ON 
CELL POPULATIONS AND CELL LINES 



10 





Resting 


Activated 


Cell 






Populations 






T cells 




+ 


B cells 






Monocytes 







These data derive from FACS analyses of mAb 5c8 binding to the indicated 
cell lines or cell populations. The pretence of mAb 5ofi binding was 
15 determined relative to FACS staining of appropriate positive and negative 
control mAbs for each cell line or population. Nd: Not determined. 

To assess whether mAb 5c8 reacts with a molecule that is 
functionally relevant to the helper capacity of the Jurkat 
clone Dl.l, the effect of mAb 5c8 was studied in assays of 

20 Dl.l induced CD23 expression on B cells. The mAb 5c8 
potently inhibited Jurkat Dl.l induced cell activation (FIGS. 
8A-E). In contrast, the isotype control mAb, W6/32 did not 
inhibit Dl.l mediated B cell activation. The data presented 
here suggest that the 5c8 Ag plays a critical role in the helper 

25 effector function of Dl.l cells. 

Example 4 

Biochemical Characterization of the Antigen Recognized by 
mAb 5c8 

30 In order to biochemically characterize the antigen recog- 
nized by mAb 5c8, immunoprecipitations were performed 
with mAb 5c8 or control mAbs that recognized Class I MHC 
(W6/32) or CD28 (Kolt^) antigens on cell lysates of surface 
iodinated Jurkat Dl.l cells and control, non-helper Jurkat 
B2.7 cells that lack surface mAb 5c8 binding. The mAb 5c8 
immunoprecipitated a protein that migrated on SDS/PAGE 
at 30 kDa from lysates of the helper clone Dl.l but not from 
the control B2.7 lysates (FIGS. 9A-B). 

The protein species immunoprecipitated by mAb 5c8 was 
not affected by reduction with 2-mercaptoethanol (2-ME) 
suggesting that the 30 kDa band was neither a disulfide 
linked homodimer nor disulfide linked to another protein 
that was not accessible to iodination. In contrast, the control, 
anti-CD28 mAb, KOLT-4 immunoprecipitated (FIGS. 
9A-B) an 88 kDa band in the absence of 2-ME and a 44 kDa 
band in the presence of 2-ME that is consistent with pub- 
lished reports (64) and with the interpretation that this 
structure is a disulfide linked homodimer. The control mAb 
W6/32 precipitated a non -disulfide linked heterodimer of 43 
and 12 kDa MW proteins (FIGS. 9A-B). These data sug- 
gested that the mAb 5c8 recognized a 30 kDa MW non- 
disulfide linked protein species from the surface of Dl.l. 
cells. 



35 



40 



50 



Resting 



Activated 



Cell Lines 






Jurkat Dl.l 


+ 


+ 


Jurkat B2.7 






CEM 






H9 




ND 


Molt-4 






PEER 






BA 




ND 


Raji 




ND 


Ramos 




ND 


Ui>37 






K562 




ND 



Example 5 

55 Characterization of the Expression of 5c8 Ag by Normal 

Lymphoid Cells 

The binding of mAb 5c8 or a variety of control mAbs 

were studied by FACS on freshly isolated, T and B 

lymphocytes, monocytes and PMA and PHA stimulated T 
60 cells. Although, resting T or B lymphocytes or monoclytes 

did not express 5c8 Ag (see Table 3 above and FIGS. 

10A-L), a subset of activated T cells was found to express 

5c8 Ag, 5 h after activation with PMA and PHA (FIGS. 

10A-L). 

65 To characterize the kinetics and cellular distribution of 
5c8 Ag expression, the binding of mAb 5c8 to T cells was 
studied by FACS at various intervals after T cell activation. 
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The CD69 molecule, which is a 32/28 KDa disulfide linked 
helerodimer, was selected as a control because it is known 
to be induced rapidly on virtually all T cells after T cell 
activation (65). Whereas 5c8 was absent from resting T cells 
and was expressed on a subset of T cells following 5 
activation, in contrast, low level CD69 expression was 
present on resting T cells and high level CD 69 expression 
was induced by activation on the entire T cell population 
(FIGS. 10A-L). The kinetics of expression further distin- J0 
guished 5c8 Ag from CD69 because mAb 5c8 binding was 
significant 3 h after activation (65) and persisted for over 24 
h (FIGS. 11A-F). The data presented here distinguish the 
5c8 Ag from CD69 both by the cellular distribution of their 
expression and by the kinetics of their up-regulation follow- 15 
ing activation. 

To determine if mRNA or protein synthesis is required for 
5c8 Ag expression, T cells were stimulated by PMA and 
PI IA in the presence or absence of Actinomycin D or 2Q 
cycloheximidc and the expression of 5c8 and CD69 was 
compared. The expression of 5c8 was inhibited by either 
actinomycin D or cycloheximide treatment (FIGS. 10A-L). 
In contrast, CD69 was up -regulated by activation despite the 
presence of actinomycin D or cycloheximide (FIGS. 25 
11A-F), as has been reported previously (65). These data 
suggested that the expression of the 5c8 antigen after T cell 
activation depends on transcription of mRNA and dc novo 
protein synthesis. 

Example 6 

Characterization of the Subset of T Cells that Express 5c8 
Ag After Activation 

In order to characterize the subset of T cells that expressed 35 
5c8 Ag after activation, CD4* CD8" or CD4"CD* T cell 
populations were isolated by anti-CD8 or anti-CD4 mAb 
treatment, respectively, followed by complement depletion. 
The CD4 + CD8~ or CD4~CD8 + populations were activated 
with PHA and PMA and studied for 5c8 Ag or CD69 40 
expression by FACS. After activation, 5c8 expression was 
induced exclusively on CD4 + cells and not on CD8* cells, 
despite the fact that CD8 + cells expressed similar levels of 
CD69 after activation (FIGS. UA-F). Taken together, these 
data demonstrated that 5c8 Ag expression is restricted to 
activated CD4* cells. 



Example 7 

Evaluation of the Role of 5c8 Ag in T Helper Function SO 
Mediated by Normal T Cells 

To evaluate the role of 5c8 Ag in T helper function 
mediated by normal T cells, the effect of mAb 5c8 was 
studied on the ability of activated T cells to induce small ^ 
resting B cells to express surface CD23 molecules. T cells 
were cultured on surfaces that were coated with anti-CD3 
(OKT3) or control, anti-CD4(OKT4) mAbs in the presence 
of phorbol dibulyrate (PBD) and then fixed with paraform- 
aldehyde. These fixed T cells were studied for B cell 60 
activating capacity in the presence of soluble mAb 5c8 or 
OKT4. The mAb OKT4 was selected as an isolype matched 
control in these experiments because OKT4 reacts with T 
cell surface CD4 molecules but does not inhibit T-B inter- 
actions (19). The mAb 5c8, but not OKT4 inhibited the 65 
ability of activated T cells to induce B cell CD23 expression 
(see Table 4 below). 
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TABLE 4 



EFFECT OF mAb 5C8 TREATMENT ON 
B CELL SURFACE CD23 INDUCTION MEDIATED 
BY PARAFORMALDEHYDE FIXED. ACTIVATED T CELLS. 



Media 



mAb 5c8 



OKT4 



45 



No T celts 


6.8 


ND 


ND 


Jurkat Dl.l 


93.8 


9.8 


96. J 


PDB-activated T cells 


29.8 


ND 


ND 


PDB/OKT4-activated T cells 


26.0 


ND 


ND 


PDB/OKT3-acli voted T cells 


52.7 


30.4 


56.1 



Shown arc the percentages of IgM* B cells that expressed CD23 by 2-color 
FACS analysis after B cells were cultured alone or in the presence of equal 
number of Jurkat Dl.l cells or para form aldehyde fixed T cells that had been 
stimulated with PBD alone or in the presence of either immobilized anti-CD3 
(OKT3) or anti-CD4 (01CT4) mAbs, as indicated. The IgG2a mAbs, 5c8 and 
OKT4 were present at 500 ng/ml which is twice the concentration of mAb 5c8 
that inhibited 90% of CD23 induction in a parallel dose response experiment. 
ND: Not determined. 

The effect of mAb 5c8 was next compared to that of 
OKT4 for its ability to inhibit terminal B cell differentiation 
driven by normal human T cells. In these experiments, CD4* 
T cells were cultured with autologous, column isolated B 
cells in the presence of PWM and the number of Ig secreting 
B cell plaque forming colonies (PFCS) was measured by 
reverse hemolytic plaque assay. The mAb 5c8, but not 
OKT4, inhibited the CD4 + cell driven PFC response (see 
Table 5 below). Taken together, these data demonstrated that 
the 5c8 Ag mediates a contact dependent aspect of the helper 
effector function of activated CD4* T cells. 

TABLE 5 

EFFECT OF mAb 5C8 TREATMENT ON 
THE INDUCTION OF ANTIBODY FORMING CELLS 

T B PFC 



cells 


celts 


PWM 


mAb 


Exp.l 


Exp. 2 


Cxp.3 




B 






120 


240 


600 




B 


PWM 




240 


600 


4,800 


CD4T 








240 


120 


180 


CD4*T 


B 






2,580 


780 


ND 


CD4*T 




PWM 




3,840 


240 


60 


CD4*T 


B 


PWM 




149,760 


85,200 


25,800 


CD4*T 


B 


PWM 


5c8 


58,000 


4,680 


9,000 


CD4T 


B 


PWM 


OKT4 


143,520 


103,200 


30,960 



Shown arc the results of three separate experiments on unrelated donors in 
which CD4*T cells were cultured in a 0.6:1 ratio with autologous, anti-Ig 
column isolated B cells in the presence or absence of PWM. The number of 
plaque forming colonies (PFC) per 106 B cells was measured by reverse 
hemolytic plaque assay. The mAbs 5C8 and OKT4 were present at 500 ng/ml 
except in experiment 1, in which OKT4 was present at 1 /<g/ml. ND: Not 
determined. 

Discussion 

The Jurkat Dl.l clone is functionally distinct from CD4+ . 
Jurkat and from a variety of other leukemic T cell lines in 
that it induced B cells from a variety of unrelated subjects to 
express surface CD23 molecules, a marker of B cell acti- 
vation and to proliferate and terminally differentiate into ISC 
in the presence of T-dependenl B cell mitogens. The effect 
of Dl.l on B cell activation required intimate cellular 
contact and could not be accounted for by secreted factors or 
by IL-4 in particular. The fact that Jurkat Dl.l was able to 
induce contact dependent B cell activation and differentia- 
tion suggested that Jurkat Dl.l shares surface structure(s) 
with activated T cells that mediate the contact-dependent, 
effector phase of help. 

The molecular interactions between activated T cells and 
B cells that mediate the effector phase of T helper function 
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is complex and poorly understood. To dissect the mechanism 
of T helper effector function, several studies have measured 
early events in B cell differentiation. First, B cell synthesis 
of RNA, DNA and enzymes associated with cell cycle 
progression are induced by activated bul not resting T cells 
(6,8,9,1143-18). Second, B cell activation, measured by the 
induction of B cell surface CD23, is induced by activated but 
not resting T cells (13). Third, B cell activation and prolif- 
eration can be induced by activated T cells that have been 
fixed with paraformaldehyde (13,17). Fourth, B cell prolif- 
eration is induced by membrane preparations from activated 
but not resting T cells (9,12,33). Finally, the ability of 
activated T cells or activated T cell membranes to induce B 
cell activation or proliferation is abrogated by protease 
treatment (12,16). Taken together, these observations are 
consistanl with the idea that T cell activation is associated 
with the induction of a surface structure that interacts with 
B cells and provides a contact dependent signal for B cell 
activation and proliferation. Similar to activated T cells, but 
unlike other leukemic cell lines, Jurkal Dl.l had the capac- 
ity to induce B cell CD23 expression in a manner that 
depended on cell-cell contact but was independent of 
lymphokines, Ag specificity or MHC restriction. The induc- 
tion of B cell surface CD 23 expression appears to be an early 
or intermediate stage in T-directed B cell differentiation into 
Ig secreting cells that can be driven by the surfaces of fixed, 
activated T cells (13,14). In addition to inducing B cell 
CD23 expression, Jurkat Dl.l was functionally distinct from 
CD4+ Jurkat clones in that Dl.l induced terminal B cell 
differentiation in the presence of PWM. In these respects, 
Jurkat Dl.l appears to have acquired surface features that it 
shares with activated T cells and that stimulate B cells. 

The nature of the structure on Jurkat Dl.l that accounts 
for helper function was not identified in the present work. 
Because CD28 molecules on T cells bind a B cell ligand 
(34), it was of particular interest to compare the expression 
of CD28 on the helper Dl.l and non-helper B2. 7 clones. 
However, the fact that both Jurkat Dl .1 and B2.7 expressed 
CD28 molecules demonstrated that CD 28 alone, could not 
account for the unique functional properties of Jurkat Dl.l. 
Moreover, in antibody blocking studies using mAb specific 
for CD2, CD3, CD5, CD38, LFA-la, LFA-lb and LFA-3; 
we were unable to identify mabs that inhibited Dl.l medi- 
ated B cell activation (not shown). In order to identify the 
distinctive cell surface features of Dl.l that mediate helper 
effector function, we initiated an attempt to generate mAbs 
that react with Dl.l and inhibit Dl.l's ability to help B cells. 

Although the surface structures that mediate helper func- 
tion were not identified, the Dl.l system is instructive with 
respect to the role of CD4 molecules in helper effector 
function, it is curious that a Jurkat subclone isolated for 
being CD4- possessed helper function, which is normally 
associated with the subset of T cells that express CD4 
molecules (14,35). Several lines of investigation have sug- 
gested that CD4 molecules do not play a direct role in helper 
effector function (2,8-12). However, the fact that both TCR 
and CD4 arc known to interact with MHC Class II molecules 
(la) (36) have suggested that ligation of la molecules might 
be a model for helper effector function. In addition, the 
observation that ligation of la molecules on B cells can 
signal B cells has further supported this model (37-39). The 
fact that Jurkal Dl.l had helper function bul was CD4- 
strongly suggests thai CD4 molecules are not required for 
the effector phase of helper function. On the contrary, the 
finding that a CD4- clone of Jurkat has acquired helper 
function suggests that CD4 molecules might inhibit the 
helper effector function of CD4+ Jurkat cells. In order lo 
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directly determine the relationship between the lack of CD4 
molecules on Jurkat Dl.l and its unique helper function, we 
have generated stable CD4+ transfectants of Dl.l by elec- 
troporation of CD4 cDNA constructs driven by heterologous 

5 promo lers. The expression of CD4 did not inhibit the ability 
of Dl.l transfectants to activate B cells, suggesting that 
Dl.l's helper activity is mediated by surface features other 
than the lack of CD4 molecules. 

Recently it has been shown in the murine system that 

to membrane preparations derived from activated, but not 
resting T lymphocytes are sufficient to induce B cell prolif- 
eration but not Ig secretion (9,12,33). The relevance of these 
studies to the Dl.l system is presently unclear, but it will be 
of interest to determine if membranes isolated from Dl.l 

15 cells induce B cell CD23 expression, proliferation and 
terminal differentiation. In any case, it is likely that Jurkat 
Dl.l will be useful for the identification and characteriza- 
tion of surface molecules important in mediating contact 
dependent helper function. 

20 The functionally unique Jurkat leukemic line (Dl.l) with 
constitutive, contact dependent helper function was utilized 
to generate a murine mAb, designated 5c8, that inhibited 
Dl.l induced B cell activation. The mAb 5c8 recognized a 
unique protein species on Dl.l cells that was not disulfide 

25 linked and migrated at 30 kDa MW on SDS/PAGE. On 
normal lymphoid cells, the expression of 5c8 Ag was 
restricted to a subset of T lymphocytes after activation. The 
activation induced expression of 5c8 Ag on T cells required 
transcription of mRNA and de novo protein synthesis. The 

30 5c8 Ag was found to be transiently expressed on activated T 
cells with peak expression at 6 h and loss of expression by 
24 h. The expression of 5c8 Ag was restricted exclusively lo 
activated CD4+ T cells. In functional studies on normal T 
cells, the mAb 5c8 inhibited the ability of fixed, activated T 

35 cells lo induce B cell CD23 expression. In addition, mAb 
5c8 inhibited the ability of normal T cells to direct B cell 
differentiation. Taken together, these data demonstrate that 
the 5c8 Ag is a novel activation-induced surface protein 
expressed exclusively on activated CD4+ T cells that is 

40 involved in mediating a contact dependent element of T 
helper function. 

The tissue distribution, kinetics of expression, metabolic 
requirements for induction and biochemistry of the 5c8 Ag 
distinquished the 5c8 Ag from other known surface proteins 

45 induced by T cell activation. First, all other known T cell 
activation markers (e.g. CD69, CD25, la) arc expressed by 
both CD4+ and CD8+ T cells whereas the 5c8 Ag is 
expressed exclusively by CD4+ T cells. Second, the kinetics 
of 5c8 Ag expression following T cell activation were 

50 distinct from that of other T cell activation molecules. 
Whereas 5c8 Ag was maximally expressed 6 h after activa- 
tion and absent 24 h after activation, CD25 (66), la (67,68) 
and the 32 kD form of CD27 (69) are induced 18 h or more 
after activation. In addition, CD69 is expressed more rapidly 

55 than 5c8 Ag and (unlike 5c8 Ag) persists for over 24 h. 
Third, 5c8 Ag was distinguished from CD69 by the meta- 
bolic requirements of their induction, because induction of 
5c8 Ag but not CD69 expression depended on mRNA 
transcription and protein synthesis. Fourth, the 5c8 Ag was 

60 a 30 kD, non-disulfide linked species. In contrast, the early 
activation molecule, CD69 is a 28/32 kD disulfide linked 
heterodimer (65). Taken together, these data suggest lhal the 
5c8 Ag was distinct from other known T cell activation 
molecules. 

65 The 5c8 Ag was also distinguished from other T cell 
surface molecules that are known to play roles in T-B 
interactions by several aspects of their tissue distribution and 
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biochemistry. First, 5cS Ag was induced by T cell activation 
but was not expressed on resting cells. In contrast, CD4, 
CD2, CD5, CD28, LFA-1, ICAM-1, CD45RO and 6C2, 
which interact with B cell surface ligands (70-78) are 
expressed on resting T cells (77-82). Second, the specific 5 
expression of 5c8 Ag on activated T lymphocytes and not on 
B cells, monocytes or the panel of cell lines (Table 1.) 
distinguished 5c8 Ag from ICAM-1, CD4, CDS, LFA-1, 
CD2 and 6C2 molecules which are also expressed on either 
monocytes, B cells or certain of the cell lines (not shown). 1Q 
Third, the expression of 5c8 Ag was restricted to CD4+ T 
cells whereas CD2, CDS, CD28, LFA-1, ICAM-1, CD45RO 
and 6C2 are expressed on CD8+ as well as CD4+ cells 
(77-82). Fourth, the 30 kD protein precipitated by mAb 5c8 
is unlike any of these other proteins (77-82). Finally, 5c8 Ag 
was distinct from these other molecules because the mAb 15 
5c8 was identified by its ability to inhibit the helper effector 
function mediated by Jurkat Dl.l. 

Because the mAb 5c8 inhibits the contact dependent 
helper effects of Jurkat Dl.l and fixed, activated T 
lymphocytes, it is likely that the 5c8 Ag mediates a B cell 20 
activating function by interacting with a ligand (or "counter- 
receptor") on the surfaces of B cells. The interaction of 5c8 
Ag with a B cell counter receptor may mediate helper 
function either by providing additional adhesive forces to 
T-B pairs, transducing a stimulatory signal to B cell cyto- 25 
plasms or by a combination of these mechanisms. Regard- 
less of the precise mechanism, the transient expression of 
5c8 Ag may provide a molecular solution to limiting non- 
specific B cell activation. We envision that the transient 
expression of 5c8 Ag in the localized milieu of antigen 
specific cognate T-B pairs may channel the aniigen/MHC * 
unrestricted activating function of 5c8 Ag to appropriate B 
cell targets. The kinetics of expression and down -regulation 
of 5c8 Ag are shared by the endothelial cell, activation 
induced, cell surface mediator of leukocyte and lymphocyte 
binding, ELAM-1 (83). This similarity might indicate that 35 
the strategy of utilizing transient expression to effect local- 
ized intercellular interactions may be shared by 5c8 Ag, 
ELAM-1 and potentially other, yet uncharacterized, surface 
molecules that transmit potent signals to other cells by direct 
contact. The CD4 molecule identifies the population of T 40 
cells that contains precursors of T cells with helper function 
(4). However, the CD4+ subset is functionally heteroge- 
neous and contains cytotoxic and suppressor cells in addi- 
tion to helper cells (84,85). The fact that 5c8 Ag is involved 
in helper function suggests that 5c8 Ag may correlate more 45 
closely with the helper phenotype than CD4 expression. The 
heterogeneous distribution of 5c8 expression on activated 
CD4+ cells suggests that functional subsets of CD4+ T cells 
might be distinguished by their level of 5c8 expression. For 
example, it will be of interest to determine the functional 50 
potential of 5c8- and 5c8+ CD4+ T cells with respect to 
helper or cytotoxic activity. 

T cell helper effector function is a complex process 
resulting in B cell responsiveness (22,54-56), regulation of 
isotype switching (86) and somatic hypermutation (87). The 55 
fact that T cells interact with B cells by a number of cell-cell 
interactions as well as by secreting various lymphokines 
suggests that individual signals or certain combinations of 
signals may regulate specific aspects of B cell differentia- 
tion. The fact that the mAb 5c8 inhibits a contact dependent 60 
aspect of T cell helper function provides a means of further 
dissecting the processes by which CD4+ T cells regulate the 
humoral immune response. 
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What is claimed is: 

1. A method of inhibiting a humoral immune response, 
comprising contacting T celLs with an antibody that binds 
speciOcally to a protein specifically recognized by mono- 
clonal antibody 5c8 produced by the hybridoma having 
ATCC Accession Number' HB 10916. 

2. A method of inhibiting immunoglobulin production, 
comprising contacting T cells with an antibody that specifi- 
cally binds to a protein specifically recognized by mono- 
clional antibody 5c8 produced by the hybridoma having 
ATCC Accession Number HB 10916. 

3. A method of inhibiting activation of B cells, comprising 
contacting T cells with an antibody that specifically binds to 
a protein specifically recognized by monoclonal antibody 
5c8 produced by the hybridoma having ATCC Accession 
Number HB 10916. 

4. A method of inhibiting a humoral immune response in 
an animal comprising the step of administering to the 
animal, in an amount effective to inhibit the humoral 
immune response, an antibody that binds specifically to a 
protein specifically recognized by monoclonal antibody 5c8 
produced by the hybridoma having ATCC Accession Num- 
ber HB 10916. 

5. A method of inhibiting immunoglobulin production in 
an animal, comprising the step of administering to the 
animal, in an amount effective to inhibit the immunoglobulin 
production, an antibody that binds specifically to a protein 
specifically recognized by monoclonal antibody 5c8 pro- 
duced by the hybridoma having ATCC Accession Number 
HB 10916. 

6. A method of inhibiting activation of B cells in an 
animal, comprising the step of administering to the animal, 
in an amount effective to inhibit activation of B cells, an 
antibody that binds specifically to a protein specifically 
recognized by monoclonal antibody 5c8 produced by the 
hybridoma having ATCC Accession Number HB 10916. 

7. The method of claims 1, 2, 3, 4, 5, or 6, wherein the 
antibody is selected from the group consisting of: mono- 
clonal antibodies, chimeric antibodies, human antibodies 
and humanized antibodies. 

8. The method of claim 7, wherein the antibody 5c8 is 
produced by the hybridoma having ATCC Accession Num- 
ber HB 10916. 

9. The method of claim 7, wherein the antibody is 
conjugated to a therapeutic agent. 

10. The method of claim 9, wherein the therapeutic agent 
is selected from the group consisting of: radioisotopes, 
toxins, toxoids and chemotherapeutic agents. 

11. The method of claim 3 or 6, wherein the B cells are 
selected from the group consisting of: resting B cells and 
primed B cells. 

12. The method of claim 4, 5 or 6, wherein the antibody 
is a chimeric monoclonal antibody, a humanized monoclonal 
antibody, a murine monoclonal antibody or a human mono- 
clonal antibody. 

13. The method of claim 4, 5 or 6, wherein the animal is 
a mammal. 

14. The method of claim 13, wherein the mammal is a 
human. 
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